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Testsweremadeto
P tembe Iqarlngyield andultlmatestrengths

ofbareendAloladUS+ and*42 sheetandplate In thidmesses &
0.064 tidl, 0.250 inoh, andO.~ ixmh. P- * res~ts of ~ese
testsitwasmnoludedthat* ratiosofbearingtotemsileproperties
forthewith-gredndireotlcmwereeasent~ th6seamaspr&s-& in
EACATNl?os.$X)1,920,974,and981forotherhl@-stremgth
alloysheetsndpkte.

allnlMmlm-

ImRomomm

PretiousInmmtigationsofbearingStrem@hnladeinthenuullnunl
ResearchLaboratmiestioonneoticmwiththedesi~ofriveted,bolt~. Or@l-OWnSOted#OintS have 00VWed ImSt of the d.UDlfnWll dkyS used
insheetorplatefom Inairomftstiruotumldesi~(refer-es1 to4).
A1.thoI@bearing-strengthdatahavebeemgivauInreferenoe5 for. lkSaheet,thecnUytestsofthlsaldqeppea rtobethosemadem .
l/k-lnoh-thlokfor~dbarsandreportedinrefermme1. b viewofthe
ilqportanoebeingattaohdtoI.@asa hi#h-strength,ganemil.-purpose,
alumlnmnalloy,scmeadditionalinvestigationofbeerlngpropertieswas
believedtobewarranted.

TheobJeotofthesetestswastodeteminebearlwzyieldand
ul.ttitesla-engthaofseveralthidmesses
plateamitoestabllahapproxhnateratios

W+ and”l-hTsheetend
bear- totensileproperties.

Tabb I gives essentialdatam the@qpers,thicknesses,and
-he propertiesofthematerialpused-r mse bearingtests.It
willbenotedthatbothyieldsndultimate&treu@ihs,asweU as
e~tlm walues,wereomsistmtlyht@z6r$orthewith-grainthanfor
theoross-gminMreotion.Thegreatestdiffqkenoeswereobservedfor

●

theyieldstrengthsoftheW temperanda, esshownIn tableII,
fromJDto20peroent.ItshouldalsobenotedfrantableIIthatthe

. oross-graintensile~opertieswereinavez$’easesldghtJyhigherthan

%ewAlooatemperdest~tlons:14S+Tm 14S+l?3in ease of O.064-fi.
sheet; 14S-T4In easeofO.=- andO.750-in.plate.M&T now
Wq6 h aU oases.
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publishedastypicalforthesealloysandtampersinreferenoe 6. The
maximumdifferenceswi3&edbbut10pement.Fromthesec-sons it——
wasconoludedthatthematerialselectedforthisinvestlgattonofbearing “
strmgthswastypicalofcommoialI@ sheetimdplate.

—.

AU theb- testsweremadegn2-inoh-widespecimnscutin
duplloatefromboththewith-andcross-graindirections.Thosefromthe

—

-.
~-hoh-thiokplateweremachinedtoa thiclmeesoFO.250inohfromthe
k-
centerlwhereastheepecimmsf’rcmthe0.064-inohand0.250-inohtilad
S&lZll@36 mm tested~ ~ thiChMSS . The O.064-inoh-ttick
wereloadedinbearingma~-inoh-diemetersteel@Ilj those

tih thloknesswereloadedcma+~-diamter steelpin.

Speoimens
ofo.2y3-

Edgedistanoes,measuredinthedireotionofstressingf’mmthe
ocmteroftheholetotheedgeofthespeoimen,wereMmitedin*
teststo1.~ and2 times the pin diamtersinoethesedistanoesarethe
onlyonesforwhichbesr~ designvaluessreocmmnJygiven(referenoe

Wigure1 shamthegmral @rrangmmntformakiggbearingtestsin
a 40.O(X-pound-oa*Ityhwlerhydmulictestingmaohine.Eoleelcmga-.

I tion&,fromwhichvaluesofbearingyield6tre&thweredetermined,%re
obtainedbymasuringtherelativemovementofthspinendthespecimn
bymesm ofa fik mlommetermicmscopewhichoouldbereaddirectly
to0.01Milmmeter.Theprojectingpoz-bionofthepimonthemicroscope
sidewasflattmedslightlyontheundersidetoprovidea shoulderon
whichthereferenoemk forpinmvementwaslocated.A smallscmtoh
onthespecimnmder thepinprovideda referencemarkforspecimen
movemmlt.

—
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.
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TableIIIgivesvaluesofbearingyieldendultimatestrengthand
typesoffailureforallthebearingtests.Theyield-stremgthvalues
indioatedwereselectedfrcmthebearingstress-lidselongatimcurves
showninfigures2 to 7 as thestressescorrespondingtoanoffsetof

,

2 peroedofthepindiemeter. -.—..——

Thegmeralbehaviorofthelksspecimensinbesmingwasthesaw
aspreviouslyobservedfortheotherhigh-strmgth,wroug&-aluminum
alloystestedintheftumofsheetandplatei Failuresooourre

..
d either

bysheeringouttheportionofthespecimenabovet@ pinorbya
-—

cotiinationofshearandtensflsfmcturethroughthepinhols.Shear



.
failurespredominatedintheO.06&inoh-thiokspeoimem,forwhiohthe
mtlo ofspecimnwidthtopindiamterwas8,whereasoonibinedshearand

. tensilefailureswereObtaiZLOd in the maJorltyof the 0.250 -Inoh-thick
speoimens,foruhiohtheratioofwidthtopindiamterwas4. Itshould
beem@as~zed,however,thatthesedifferencesInspecimmproportions
werenotina rangewheretheyhadq si~ioant effectcmthebearing
propertiesddmmdned.

Previoustestshaveindicatednomarkeddiffemnoeinwith-and
cross-grainbe- propertiesandthevaluesshownh -ble IIIarein
~- @ ~~t withthisobservatlcmThemszimumdifference
IndioatedintableIIwasody about7 peroentandtheaveragediffer-
emoesforalltestsunderanyme setofmnditlmsdidnotexoeed
4 psroent.

TableIVgivestheratiosobtainedbetweenaveragebearing+
tensilestrengths.Itisquiteevidehtflmmthesedataandthosegiven
h tdtile? thatthelhSsheptd plateseqplesexhibtted~out thesam
bearing-strengthcharaoteristiosaspreviouslyobservedforotherhigh-
strengthalwmimmalloysinthe~ foml.me folkmingnominalratios
ofbearingtotemilepropertieswhlohwereproposedcmtheb~is of
previoustests(references1 to4),appearappldoabl.e,themfore,to
alloy14s..

. Ratiosfor

t--

Edgedlstanoes
with~alntests 1.3x pindiem. I 2 X pin diem.

Beex* ultimate
Tensileultlmmte 1.5 1.9

Bearhgyield
Tensileyield 1.4 L 6

h threeoasesintableIVthewith-groinratiosofbearingto
tensilestzwngthsfordlffemntthicknessesofl@ +Cwereaamuohas
8 ~mmt ~ss thantheforego-~ ratios.Sinoethesed~feg___ ..
enoesoocurredh isolatedcases,however,izmolvingdifferentprop-
ertiesoredgedistmoes,theywerenotmnslderedasslgniftmntasIf
unifonnl.ylowratioshadbeenobservedforalltestsofanyonethickness
orte?qper.IhaU otheroasesintableIVthedef~cienolesinbearing-. to-tenSibSt7.’en@h ratios forthel@ SS?@.OS, wheul they didexist,WSZ%
lessthan6 peroemt.ItshouldbepointedoutthattableV Shuws-mlytwo
otherwith-grainratios(onefor0.250 -inOh-andonefor2.00+mh-thiok. 24SJJlplate)thatsremre than5 pero6ntlessthanthenominalratios
P~m* forsheetandplate.

W@asls hasbeenplaoedthusfarwon ratiosofwi~-grainbearing
totensilspropertiesbecausemanyoftheearliertests of sheetwere
limitedtothisdirection=Theonlyrealneedfordifferentiatimwith



respect-todlreotlmocmrsInthecaseofmterialeexhibitinga mrked
dtfferenoeIntensileyieldstrengthh thewith-andcross-gmln
directIons,reeulthgfmm a stretcher-levdllngorflatteningoperatlcm.
She bearingpropert$ee.shmnomarkedM.rectti .-aoteristics,the
sam ratiosofbearingtotemileproperties@m not.applloableto’with-
ercross-graintensileyieldstrengths.ThepresentipraotloeofMsting
with~ti temsllepropertiesinref~oe ~ greatlystqllfiestheuse
ofwith-grainratiosinobta~ beeringstrengths.ItisofInterest
to~oilltoutInthisCollectionthattheratiosofmmss-grainbearing
tmtensileytel.dstrmgthproposedinmferenoe4 f~ 24SJT.ybte reduce
toappmxhatelytheseineratiosasllsteclhereinforthewith-
direction,ifthearms-grabvaluesaremul.tiplledbytheratio ofi the
typical omss-grdn to with-graintensileyteldstrength.

TheaUowablebearingyieldstressesMstedInmfemnoe5 for
14S-Wsheeteresomwhatluwer,h pmportbntmthetmslk yield
strength,themgivenfor1~ -Tsheet.Thisdifferenceisjustopposite
tothatobservedinthesetestsforwhichtheyieldratioswereoonsis~
emtlyhigherforthe1~ -W. ThemostiimportantobservatIonperhapsis
thatinonlytwooasesdothedesignstressesInreference~ correspond
toa highermtioofbearingtotensilestrengththanohtalnedInthese
testsandthatthemaximumdiffemmoefortheseoaseswasonlyabout
7 peroent. ,—

.-
.

.

ItwasconoludedfromtestsofbareandAloladlhS-Wandl@-Tsheeti
endplate,inthicknessesofO.06&Inoh,0.250Inoh,and0.750InOh,thati
theratiosofbees-lngtotensilepropertiesforthetithe directlm
wereessmti

%
theseineaspreviously proposedinlMCATNIVos.901,

m, 974,~ 1 forotherhigh-strength,aluminum-alloysheetand
plate,namely:

Ratiosfor
Edgedlstamoes

With-graintests 1.5X pill diem I 2 X pti diem.

Bear@ Ultlmate

Tensileultimate 105 1.9

Bear= yield
Tensileyield 1.4 1.6

AlumhnnResearohLaboratories
AluminumCafqpanyofAmerioa

mm Kenslrlgtcml,l%.,mnuary20,1947
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!rmnEEum!mms or 149-mm lHEolm BEARnw!lmm

[~ Vd.Ueaem are- oftwutats mde inaccordeme with A.S.T.M.
~ (EM@). WhAiOWh Hlth -j X hdiCWkS ~9 ~]

mnlnal
YieldDlmctim !lmsila

AuOyalldtmuparsm@a
EJ=&atij.

thlchlees or
(in.) teat w (off’e8:?%&?am=t)

(PA)

Aloud14’s+ 74466 0.(%4 x 40,400
%%

20.5
w 47,400 21.2

Alolaa14sJ1’ 7~ ““~ x 60,7’00
%E

.
w 62,000 l?.:

mm IJls+ 74474 .“- x 64,~
65,QO0

39,- 19.0
v 47,600 21.o

JllJJ1.ad14aJl! 74475 ,*W x @,m
6g,&30 ?%

1o.2
,.. w 3: “ 11.5

Ma-w 75933 ““m” x 66,500
6g,&xl

16.o
w %E 17.3

M-T 75958 .750 x 70,600 8.3
w 71,m %&l 9.8



. , .

,...- . . . ... . .. . .

. .

T- It

mwAmHm3m!uE5 m!w3MnThMQmus3-Qa&n m!Emlcm.nr~m BEAEIm

Auo7multmpsr

u.olJM14a+

Uol.ad UIEla.

w U9.+1

Udlad 14m!

L4s+

L4&T

tfel’a@forllrae!m

-forT-

1

(m)

0.064

.0%

Jm

“m

“m

“750

-i3&%J

LOQ

1.01

J..ol

1.0$?

1.05

1.01

1.03

1.o1

l’emile

1.17

14X2

La)

1.07

Ma

1.OQ

K16

l.oh

e-1. *

1.OQ

“99

’97

“n

1.03

&

1.01

“97

8-ED

Log

“93

1.0!2

“99

1.00

la

1.OQ

“97

ME

“97

1.CQ

“97

47

*

1*U)

●*

ridl

e-m

1.0s?

“93

1.04

*96

“95

1.(M

1.00

“%

O!%&%

1.10.

law

1“09

l.oy

l.q

1.o1

log

1.04

1.06

1.05

l.(y

1.03

1.1o

l.ql

l.q

1.(A

I . .. .
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h lmamng~wmein. w. mmlaedo.0644n. tbi&waw8rakba&Arma+L.4uaotoratsd. pin; thma
of O.@o-tn. UU&mammlcddm a+i. ~r steal pin.
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Arioyemdtemp!w

Ald.aa lba-u

Akld 14aJr

Aloha1.4s-w

Al-old 14S-T

14s41

14sJr

.

.

m9nixd
t.biOk7h3B0
(Ill.)

0.064

.064

“Q50

“w

“7X

“m

.

Dlmotlcp

of
test

x
w

;

x
w

x
w

x
w

x
w

. .

Ritioa fm! edge &M.EmceE of -

1.S x pln diamtsr

Bf3$El

1.60

1.61.

1.61
1.*

1.5
1.?9

1.53
1“*

1*46
1044

1-
‘?103

BYE@7s

1.60

1.y

1.4J.
La

1.64
1.40

1.46
L 35

l.%
1.43

1“4“
1.32

I!i3/w

2.02
2.06

f2.16
2*O7

2.01
2.00

2.02
l.gf?

1.
f1. 3

2.00
l.gj

B@m3

L91
M%

::$

1“9
~“69

1.64
1.48

l.go
1“65

1*63
1“9

-..
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Figure1.-Azazugementforbesringtests.Microscopeusedformeasurementof
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holeelongations.

. . .



.

.

.-



......

. ,

1;,,

i’

, ., !.. ... 1 i . .



. .. -.. .-.

1

1!

. .

, 1 I. . . . . . . . . . .



.

,.

. .

. . . . .

.

. - .— . . . . ..- . .



. . .

Imp

lqm

I

4.,

#

‘i II!:1 I.
. .

I . . . .1



. . . .
...

.
, ●

. .

1

.



E

!!
II

I I 1111111
s
gl
.

●

II .

. .

. . .

.

t.


